Immune responses to β-hemolytic streptococcal infections are hypothesized to trigger tic disorders and early-onset obsessive-compulsive disorder (OCD) in some pediatric populations. Here we identify the M1 isoform of the glycolytic enzyme, pyruvate kinase (PK) as an autoimmune target in Tourette syndrome and associated disorders. Antibodies to PK reacted strongly with surface antigens of infectious strains of streptococcus, and antibodies to streptococcal M proteins reacted with PK. Moreover, immunoreactivity to PK in patients with exacerbated symptoms who had recently acquired a streptococcal infection was 7-fold higher compared to patients with exacerbated symptoms and no evidence of a streptococcal infection. These data suggest that PK can function as an autoimmune target and that this immunoreactivity may be associated with Tourette syndrome, OCD, and associated disorders.
Introduction
Tic disorders, obsessive-compulsive disorder (OCD), and related conditions affect as many as 3% of children and adolescents (Costello et al., 1996; Flament et al., 1988; Kadesjo and Gillberg, 2000; Leckman, 2002; Mason et al., 1998; Valleni-Basile et al., 1994) . The factors that contribute to the pathogenesis of these disorders are poorly defined. The hypothesis that infections can modulate the clinical appearance of tic disorders dates from the 1800s (Kushner, 1999) . The past decade has seen the reemergence of the hypothesis that post-infectious immune mechanisms account for at least some cases of Tourette syndrome (TS) and OCD.
It is well known that group A β-hemolytic streptococci (GABHS) can trigger immune-mediated diseases (Bisno, 2000; Carapetis et al., 1999; Stollerman, 1997) . Rheumatic fever (RF), one of the most well recognized examples of a delayed non-suppurative complication of GABHS infection, usually occurs a few weeks to several months after streptococcal infection among susceptible persons. RF typically involves the heart, joints, and central nervous system. The central nervous system manifestations usually take the form of chorea (Sydenham's chorea). However, some patients with RF also display motor or phonic tics, obsessivecompulsive (OC) symptoms, or features suggesting attention-deficit/hyperactivity disorder (ADHD) (Allen et al., 1995; Mercadante et al., 1997; Swedo et al., 1989) . On the basis of these associations, Swedo et al. (1998) proposed that pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections (PANDAS) represent a
